The evaluation of the cervical spine in the unconscious trauma patient is a difficult and controversial topic in trauma management. Conventional cervical clearance protocols consisting of plain radiology and computed tomography may not adequately detect unstable cervical ligament and disc injuries, even though a high-risk mechanism of injury has occurred. We present two cases where cervical clearance protocols, utilising plain X-rays and multi-slice computed tomography, failed to identify significant ligamentous spinal injuries. A delay in diagnosis or a missed spinal injury can lead to delays in treatment, thereby increasing the risk of neurological deterioration with the potential devastating sequela of quadriplegia. Therefore, in the unconscious trauma patient who, by definition, has sustained a high-risk mechanism injury, we routinely recommend the use of magnetic resonance imaging in addition to plain X-rays and computed tomography, to evaluate further discoligamentous status.
Cervical spine injuries occur in 3.5 to 10% of patients incurring a severe head injury [1] [2] [3] . Missed cervical spine (C-spine) injuries, even in dedicated trauma centres, are thought to range between 4 and 8% 4 . An adequate C-spine clearance protocol for unconscious trauma patients must avoid missed injuries and also avoid complications of unnecessary spinal immobilisation that include decubitus ulceration, pulmonary infection, deep vein thrombosis and increased length of hospital stay. In addition, cervical immobilisation devices may of a potentially unstable injury 5, 6 . Delay in diagnosis or missed spinal injury may lead to a subsequent delay in treatment, thereby increasing the risk of quadriplegia. We present two cases where standard skeletal trauma spinal injuries. We discuss the techniques for C-spine clearance in the unconscious trauma patient and this setting.
CASE HISTORIES

Case 1
A 40-year-old female pedestrian was involved in a high-speed motor vehicle collision. On admission, her Glasgow Coma Score (GCS) was 4. She sustained a severe degloving scalp injury and fractures of her arms, legs and pelvis. Computed tomography (CT) of the head revealed a severe diffuse brain injury. Plain C-spine X-rays and multislice CT of the C-spine were normal, however CT of the thoracic spine demonstrated a comminuted fracture of T7, a burst fracture pulsion of bony fragments into the spinal canal, suggesting a high likelihood of spinal cord injury at this level. The patient underwent a posterior stabilisation for the fracture dislocation at T7/8. After four days there was no response to ostensibly painful stimulation of the upper or lower limbs. She developed upper motor neuron signs in her right upper limb that could not be explained clinically by the T7/8 spinal injury. Magnetic resonance imaging (MRI) of the cervical spine subsequently showed an acute C5/6 posterior disc protrusion with complete disruption of the anterior longitudinal ligament with no associated bony injury ( Figure 1 ). The patient underwent posterior cervical fusion and stabilisation at C5/C6.
Case 2
A 25-year-old male was involved in a high-speed motor vehicle collision. On arrival to hospital his GCS was 7. He had severe facial and head injuries but was moving all limbs. Computed tomography of the brain showed no intracranial pathology, however injuries a dental-alveolar fracture. Both plain X-rays and multislice CT of the cervical spine were normal. Open were performed and the patient was transferred to the ICU with a Philadelphia collar in situ for ongoing supportive management. By the third day, the patient was weaned from all sedation. Although now more cooperative, an accurate history of neck pain could not be elicited and therefore MRI of the C-spine was undertaken. This demonstrated a ligamentous associated extradural haematoma within the adjacent oblique capitis muscle (Figures 2 and 3 ). The patient was managed conservatively with a Philadelphia collar for six weeks and was subsequently discharged home without any neurological complications. 
DISCUSSION
The C-spine of any trauma patient cannot be deemed clinically 'clear' unless the patient has a normal mental status, no distracting injuries, no focal C-spine is normal. In all other circumstances, the patient must be assumed to have a C-spine injury and spinal immobilisation must be maintained and a radiological evaluation of the C-spine undertaken. Cervical clearance protocols using plain X-rays as the initial screening test will miss 20% to 40% of C-spine fractures 7, 8 . Swimmer's views to improve visualisation of the cervicothoracic junction will also be frequently inadequate 9 of plain X-rays, most trauma centres advocate additional radiographic studies to further evaluate the C-spine 9, 10 . Depending on the exact mechanism of injury, together with an impression of the nature of the forces involved, three accepted techniques can be used to clear the C-spine in the unconscious trauma patient, namely delayed spinal clearance, radiographic clearance utilising CT or MRI, and passive cervical motion techniques 11 .
Delayed spinal clearance technique
This technique is most applicable in the management of patients with minor head injury following a low impact mechanism of injury. They require spinal immobilisation until capable of reliably partaking in the clinical examination. At least three-view cervical spine X-rays should be performed (Table 1) and if normal, the patient should be observed in the emergency department or admitted to hospital for regular neurological observation. C-spine reexamination should be performed when the patient's mental status allows. In the absence of localised cervical tenderness, together with a normal general and neurological examination, C-spine immobilisation can be discontinued and the C-spine deemed clinically 'clear'. This method of spinal clearance is practical and the preferred method in many emergency departments for the management of minor head injury; it also may be the preferred method for the polytrauma patient or the head-injured patient whose mental status is expected to return to normal within a 48-hour period, thus enabling a credible examination of the C-spine to be then undertaken. Disadvantages include the necessity for C-spine immobilisation devices to be associated with prolonged collar use and the potential for the collar to prove ineffective in controlling stability in the presence of an unstable C-spine injury. For patients with minor head injury the delayed spinal clearance technique may be useful in peripheral or remote centres with no ready access to radiology. However if the patient has experienced polytrauma or a severe head injury, transfer to a centre capable of undertaking CT is mandatory.
Radiographic clearance techniques
The Eastern Association for the Surgery of Trauma (EAST) practice guidelines for the evaluation of the C-spine in patients with altered mental status recommends CT with sagittal reconstruction at any questionable level of injury on the plain X-rays, and through the lower cervical spine if this area cannot be visualized on the 3-view series 12 . In the absence injury, axial CT images should also be performed with sagittal reconstruction from the base of the occiput through C2 (Table 1 ). There is growing consensus that those with a high-energy mechanism, should undergo complete CT with reconstructive views (sagittal and coronal) as the radiographic method of choice [9] [10] [11] 13 . The EAST protocol recommends 3 mm slices. At present 16 and 64-slice helical scanners (as used at our institution) routinely scan at 1mm slices and provide superior sagittal and coronal reformats. The introduction of multislice CT has reduced artifact and enhanced the clarity of reformatted images, thereby enabling more precise detection of soft tissue injury. However, in patients who sustain a high-impact mechanism of injury, the main limitation of any method of CT is the under-diagnosis of discoligamentous injury. In dedicated trauma centres the injury without fracture is between 0.04 and 0.07% 4,14-17 . Patients sustaining a high velocity mechanism of light plane accidents, falls from greater than six metres, skiing and animal riding accidents) are likely to be at increased risk of a cervical spine injury 18 . In this setting, plain X-rays and CT may not be adequate for the detection of unstable cervical discoligament injury. Therefore many centres support the use of MRI as the diagnostic imaging modality of choice to further evaluate the C-spine 9, [19] [20] [21] [22] [23] .
Advantages of MRI include its enhanced sensitivity for detecting soft tissue and spinal cord injury, expedited determination of spinal instability and avoidance of unnecessary spinal immobilisation. The stability of the spine can also be assessed in situations when dynamic radiographs are contraindicated or inconclusive 24 . Disadvantages of MRI include its limited availability, considerably longer scanning times making it an inappropriate choice for haemodynamically unstable patients, risks in patients with ferrous implants and risks associated with transporting critically injured patients away from the intensive care unit 9 . MRI is 14, [20] [21] [22] [23] as missed ligamentous injuries have been described when images were obtained ten days after the initial insult 22 . The health economics of a protocol requiring all unconscious trauma patients to have an MRI are considerable, but the potential physical, social and economic implications associated with missing or delaying diagnosis may be of far greater consequence.
Passive cervical motion technique
extension in unconscious patients with negative plain in the Oxford Protocol for Total Spinal Clearance and the updated EAST practice spinal clearance guidelines for patients whose altered mental status is not anticipated to return to normal within a twoday period (Table 1) 12, 15 . It is quick to perform, can be preformed in the ICU and provides direct evidence of cervical movement under controlled and increasing stresses. It has been successfully used in identifying unstable injuries in the presence of negative standard plain-rays and CT scans 11, 17, [25] [26] [27] [28] . Passive cervical motion the intensive care unit as the penetration of the mobile patients may require repeat X-rays. Conversely, poorly visualisation can provoke instability. Even controlled movement can lead to impingement of the cord from herniated discs, epidural haematoma or osteophytes 25 . Permanent severe neurological complications have been reported in 
2.
Axial CT images at 3 mm intervals obtained through suspicious areas identified on 3-view cervical spine Xrays.
3.
If the lower cervical spine is not adequately visualised on the lateral cervical spine X-ray:
a. swimmer's view-if inadequate, b. axial CT images at 3 mm through lower cervical spine with sagittal reconstruction.
4.
Axial CT images at 3 mm intervals with sagittal reconstructions from the base of the occiput through C2.
5.
In addition to 1-4, if altered mental status not anticipated to return for two days or more and 1-4 normal: flexion/ extension lateral cervical spine fluoroscopy with static images at the extremes of flexion and extension. 17, 29 . Therefore, in the unconscious patient, there still remains concern about the safety of this technique, who should perform the procedure and whether spinal cord monitoring is necessary 30 only be used in conscious patients who can communicate effectively with the clinician, thereby allowing any neurological symptom to be rapidly detected.
CONCLUSION
In the trauma patient unconscious from a head injury, there is always concern that the extent of the forces involved may also have caused a C-spine for evidence of C-spine bony injury. If X-rays are normal, but a high index of suspicion for bony fracture or dislocation remains, CT is mandatory. However neither plain X-rays nor CT can reliably or consistently show soft tissue or ligamentous injury and instability. Hence, if cervical clearance protocols using plain X-rays and CT are normal, we believe an MRI is essential to determine the status of the ligaments, discs and spinal cord. This is particularly important in patients who sustain a high-velocity mechanism of collisions greater than 50 km/h, light plane accidents, falls from greater than six metres, skiing and animal riding accidents. In such patients, the C-spine can only be considered 'clear' with negative plain X-rays, negative appropriate CT scans and the presence of a negative MRI.
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